Aims/hypothesis There is evidence to suggest that ectopic fat deposition in liver and skeletal muscle may differ between black and white women resulting in organ-specific differences in insulin sensitivity. Accordingly, the aim of the study was to examine ethnic differences in hepatic and peripheral insulin sensitivity, and the association with hepatic and skeletal muscle lipid content, and skeletal muscle gene expression. Methods In a cross-sectional study including 30 obese premenopausal black and white women, body composition (dual energy x-ray absorptiometry), liver fat and skeletal muscle (soleus and tibialis anterior) fat accumulation (proton-magnetic resonance spectroscopy), skeletal muscle gene expression, insulin sensitivity (two-step isotope labelled, hyperinsulinaemic-euglycaemic clamp with 10 mU m 
Introduction
Type 2 diabetes and insulin resistance are more prevalent in populations of African origin than white populations [1, 2] , but the main site of insulin resistance in obese black women is not known. Ectopic fat deposition in liver and skeletal muscle may differ by ethnicity [3, 4] , resulting in organ-specific differences in insulin resistance. Whether this is related to tissue-specific alterations in insulin signalling among obese black women has, to our knowledge, not been studied. Accordingly, in a sample of obese premenopausal black and white women, we sought to: (1) examine ethnic differences in hepatic and peripheral insulin sensitivity (S I ); (2) measure differences in hepatic and skeletal muscle lipid content and their association with S I ; and (3) measure the expression of genes involved in insulin signalling, fat oxidation and inflammation in skeletal muscle, and their ethnicspecific associations with S I .
Methods
Participant selection This cross-sectional study included 30 obese premenopausal black and white women, matched for age (30-45 years) and BMI (≥30 kg/m 2 ), with no known diseases, not pregnant or lactating, and who consumed <20 g alcohol/day. The study was undertaken in accordance with the guidelines of The Declaration of Helsinki and approved by the University of Cape Town Faculty of Health Sciences Human Research Ethics Committee. Participants gave written informed consent prior to participation.
Testing procedures A questionnaire was administered to measure family history of type 2 diabetes, smoking, alcohol and dietary intake (food frequency) [5] . Physical activity was measured using actigraphy (ActiGraph LLC, Pensacola, FL, USA Hepatic, and intra-(IMCL) and extra-myocellular lipid (EMCL), and total lipid content of the soleus and tibialis anterior (TA) muscles of the calf were measured by 1 H-magnetic resonance spectroscopy (MRS) and MRI, respectively, using a 3 Tesla scanner (GE Healthcare, Global Diagnostic Imaging, Pewaukee, WI, USA).
A biopsy was taken from the vastus lateralis muscle from which RNA was extracted and the expression of genes (ESM Table 1 ) was measured using the Applied Biosystems 7900HT Fast Real-time PCR system using standard cycling conditions (Applied Biosystems, Foster City, CA, USA) and expressed relative to β2 microglobulin.
Statistics Differences in participant characteristics were compared using χ 2 analysis, one-way analysis of variance and/or covariance, adjusting for fat mass index (FMI), which takes into account differences in height and fat mass between groups. Bivariate associations were explored using Pearson's correlation coefficients, which informed multiple regression analyses that included an interaction term (ethnicity×indepen-dent variable). Data were analysed using STATA version 11.1 (StataCorp, College Station, TX, USA).
Results

Participant characteristics
The obese white and black women were of similar age, BMI, FFM and VAT, but black women were shorter and had a greater % body fat and FMI (Table 1) . The women performed similar daily physical activity and consumed similar amounts of dietary fat. More white than black women consumed alcohol and had a family history of diabetes (26.7 vs 6.7%, p=0.087). Serum adiponectin was higher in white than black women, but high sensitivity C-reactive protein (hs-CRP) and other circulating inflammatory markers (data not shown) were not different.
Liver fat tended to be higher in white than black women. Calf TA and soleus IMCL content were similar, but total soleus fat content was higher in black than white women. Skeletal muscle expression of genes involved in insulin signalling, glucose transport and fat oxidation did not differ between black and white women (ESM Table 1 ), nor did they correlate with any measure of skeletal muscle fat content.
Fasting glucose, insulin and NEFA concentrations did not differ by ethnicity. More white than black women had impaired fasting glucose (IFG; 26.7 vs 6.7 p=0.142) and impaired glucose tolerance (IGT; 26.7 vs 0%, p=0.031). While basal endogenous glucose production (EGP) was not different, white women had higher EGP and less EGP suppression than black women during the low-dose clamp. Only one white woman had incomplete suppression of EGP during the highdose clamp. S I and RER during the low-dose and high-dose clamps were similar between white and black women.
Correlates of insulin sensitivity In black women, body fat measures correlated negatively with hepatic and peripheral S I , whereas in white women, only VAT correlated with M/Ihigh (Table 2 ). In black women only, liver fat correlated negatively with suppression of EGP, soleus fat correlated negatively with glucose infusion adjusting for circulating insulin concentrations (M/I)-low, and skeletal muscle IRS1, vesicle associated membrane protein (VAMP) and stearoyl-CoA desaturase 1 (SCD1) expression correlated positively with rate of disposal (Rd)-low and M/I-high. In both black and white women, serum adiponectin correlated positively with peripheral S I .
Discussion
The major findings of our study were that obese white women had reduced hepatic S I compared with obese black women, whereas peripheral S I did not differ. Significant associations between ectopic fat accumulation and S I were observed in obese black, but not white women, suggesting that obese black women are more sensitive to the effects of ectopic lipid deposition than obese white women.
Until recently, studies demonstrating ethnic differences in S I between black and white women [1, 2] have only measured whole-body S I . DeLany et al [6] recently showed similar levels of hepatic S I , but lower peripheral S I in young (22-24 years) normal-weight black vs white women. In contrast, in older obese women, we found that peripheral S I did not differ, but white women had lower hepatic S I than black women. Studies in the USA have consistently reported higher liver fat of white compared with black women [7] , which is supported in part by our study. However, liver fat was associated with reduced hepatic and whole-body S I in black, but not white women. This indication of increased sensitivity to ectopic lipid deposition confirms data in African-Americans showing that for a given level of liver fat, black women were more insulin resistant than white women [7] .
Although there were no ethnic differences in IMCL or EMCL content, IMCL was associated with lower S I during the low-dose clamp in black, but not white women. Studies from the USA that have shown similar [4] or lower [8] IMCL levels in black than white women, but have demonstrated associations with S I in white women only [4, 8] . Differences between our study and others may relate to differences in methods used to measure S I , or to differences in the accumulation of lipid byproducts. Supporting the latter, we showed that in black women only, S I was associated with skeletal muscle SCD1 expression. SCD1 converts saturated fatty acids to monounsaturated fatty acids and increases triacylglycerol esterification, thereby attenuating the accumulation of lipid metabolites such as diacylglycerol and ceramide, which interfere with insulin signalling [9] . Despite no ethnic differences in the skeletal muscle expression of insulin signalling genes, we showed that IRS1 and VAMP expression were associated with increased S I in black, but not white women. IRS1 is integral to insulin signalling, while VAMP is involved in insulin-stimulated GLUT4 translocation, and is upregulated in hyperinsulinaemia [10] .
We used the state-of-the-art measures of S I and ectopic fat deposition, which have not been performed previously in an obese black African population. NEFAs were not measured during the clamp, precluding measurement of adipose tissue S I ; however, fasting and OGTT NEFA concentrations were not different between ethnicities (ESM Fig. 1 ). While the white women had a greater family history of type 2 diabetes and a higher prevalence of IFG and IGT, adjusting for these differences, or analysis of only women with normal glucose tolerance did not alter the main findings of this study. The paradox of higher hepatic S I but similar EGP in black compared with white SA women may be explained by lower hepatic insulin clearance in obese, insulin resistant black women [11] . Future studies that also include measures of C-peptide are required. Other limitations include self-reported alcohol intake and failure to control for the phase of the menstrual ) insulin infusion; M, glucose infusion rate, which reflects whole-body insulin sensitivity; RMR, resting metabolic rate; Sol, soleus; Suppression of EGP, calculated as the % change in EGP between baseline and the low-dose insulin infusion cycle, which may have confounded our results. Further, we only included obese women; therefore these results cannot be extrapolated to non-obese women, or to men.
In conclusion, we found that although whole-body S I was not different between obese black and white women, obese white women presented with lower hepatic S I compared with obese black women. Notably, ectopic fat accumulation was associated with reduced S I in black, but not white women. Future studies are required to gain an understanding of why black women are more sensitive to the effects of ectopic fat deposition than white women. 
